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ABSTRACT 41 
This study compared the effects of two sprint-specific training programs against the natural 42 
development of speed, power and stiffness in a group of adolescent males. Forty-three male 43 
adolescents (aged 13-15 years) were randomly assigned to one of two training groups; 44 
backward running training (BRT = 26), or forward running training (FRT = 17). A physical 45 
education class (n=24) of similar age constituted a control group (CON). Both training groups 46 
performed running sessions matched for distance and intensity bi-weekly for eight-weeks. 47 
Parametric and magnitude-based inferences were used to analyze within group (pre-post 48 
measures) and between group (gain scores) for 10 m, 10-20 m and 20 m sprint times, vertical 49 
countermovement jump height (CMJ) and vertical leg stiffness. Both running groups 50 
significantly improved (p ≤ 0.05) in all performance tests from pre- to post-training, with effect 51 
sizes ranging from -1.25 to 0.63. When the groups were compared the BRT and FRT groups 52 
improved significantly (p ≤ 0.01) on all sprint performances and stiffness relative to the CON. 53 
The BRT group demonstrated favorable effects for 10 m and 20 m sprint performances (ES = 54 
-0.47 and -0.26, respectively) and CMJ height (ES = 0.51) compared to the FRT group. These 55 
results demonstrate that forward and backward sprint-specific training programs enhance speed 56 
and power measures more than natural development in adolescent male athletes. Furthermore, 57 
the greater training responses in sprint performance and CMJ ability indicate that BRT is a 58 
useful tool for improving concentric strength and power and may be classified as a sprint-59 
specific training method.  60 
 61 
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INTRODUCTION 66 
Sprint performance over short distances has been identified as a key characteristic of successful 67 
young athletes around the time of their adolescent growth spurt (19). Boys commonly 68 
experience their adolescent development between 12 and 16 years of age (3). Given the 69 
importance of sprint ability in sport and suggestion that speed development can be optimized 70 
during adolescence (15), it is no surprise that a myriad of specific and non-specific training 71 
methods have been developed to enhance neural and structural characteristics associated with 72 
sprint performance in adolescents (7, 18). Sprint-specific training refers to free sprinting (i.e. 73 
straight line sprinting with passive recovery), resisted sprinting or assisted sprinting, while non-74 
specific sprint training corresponds to other methods, such as strength, power or plyometric 75 
training (31, 32). An abundance of research is available highlighting the benefits of non-76 
specific training methods on sprint performance and underlying determinants of speed, such as 77 
lower body power and stiffness (2, 16, 25), yet the optimal development of speed and power 78 
measures in adolescent male athletes using sprint-specific training methods requires further 79 
understanding. 80 
 81 
Researchers have reviewed the effectiveness of sprint-specific training on boys sprinting 82 
ability, concluding that free sprinting is a beneficial method for enhancing short-sprint speed 83 
up to 20 m with moderate to large effects (24, 31). From these two reviews a total of six studies 84 
were identified which measured the effects of straight-line free sprint training on running 85 
performance. Although the current reviews provide a comprehensive overview of the available 86 
scientific literature, the effects of anecdotal training methods yet to be empirically scrutinized 87 
remain unknown. For example, backward running (BR) has been used as part of specific 88 
training procedures in a variety of athletic sports (11, 37). However, to the authors’ knowledge 89 
the effects of BR on forward sprint performance in adolescent athletes is absent from literature. 90 
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 91 
Like forward running (FR), BR occurs in bursts during many over-ground sports (e.g. soccer, 92 
rugby, American football, and most racquet sports) (22). A recent review of BR by Uthoff, et 93 
al. (37) highlights the immediate and long-term effects of BR on athletic performance.  Sports 94 
warm-up programs such as the “FIFA 11+”, “Harmoknee” and “Prevent Injury and Enhance 95 
Performance” include BR to prepare adolescent athletes for the demands of competition, 96 
reduce injury rates (28, 33) and enhance performance (1, 27). The use of BR has been 97 
recommended in adult sports training programs due to its ability to improve power output (36) 98 
while concomitantly reducing stress on the knee joint (29) compared to FR. Furthermore, it has 99 
been theorized that training adaptations from BR may transfer to FR tasks (11, 20). Evidence 100 
for this effect has been reported in adult populations (34, 35). For example, BR training has 101 
been shown to improve change of direction performance (34, 35) , increase foot speed in a 102 
ladder test (35) and maintain 20 m sprint performance times (35). While previous findings are 103 
promising in adults, it is unknown how these types of training adaptations might transfer to 104 
adolescent athletes. Given that BR appears to be a method which promotes injury prevention, 105 
increased power output and performance transfers to FR tasks, the lack of research attempting 106 
to quantify the effects of BR on these outcomes in adolescent athletes is surprising.  107 
 108 
Most research into the trainability of speed and power in adolescent athletes has explored the 109 
effectiveness of non-specific sprint training methods. Methods such as strength training and 110 
plyometric training have been shown to enhance speed and lower body power and force 111 
characteristics (2, 16). Similarly, sprint-specific training methods are known to improve 112 
sprinting performances in adolescents (24, 31).  Although, relatively few studies are available 113 
on the trainability of speed in young athletes using free FR running training or the effects of 114 
this type of training on lower body power and force measures in pediatric populations. Further, 115 
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it is unknown whether BR training influences performance outcomes and if these adaptations 116 
transfer to forward sprint ability in adolescent athletes. Therefore, the primary aim of the 117 
current research was to explore the effects of free BR and FR training programs and quantify 118 
the potential training related adaptations these methods promote on sprinting performance and 119 
underlying determinants of speed, such as leg stiffness and lower body power in adolescent 120 
male athletes.  121 
 122 
METHODS 123 
Experimental Approach to the Problem 124 
A cluster randomized control trial was conducted to quantify the effects of eight weeks of bi-125 
weekly progressive running training, either forwards or backwards. To determine the 126 
effectiveness of the sprint-specific training programs on speed and power measures, sprinting 127 
ability, jumping performance and vertical leg stiffness were tested pre- and post-training. Boys 128 
enrolled in an athletic development program at their school were divided into a backward 129 
running training group (BRT; n = 26) and a forward running training group (FRT; n = 17). A 130 
control group (CON; n = 24) of the same age and physical characteristics was recruited from 131 
the school to assess the effects of natural growth on the selected performance measures. The 132 
CON participated in their school’s normal P.E. curriculum, but not any structured training 133 
program. Habituation sessions for the performance tests occurred in week one, baseline testing 134 
was administered in week two, supervised training was performed for the following eight 135 
weeks and finally post-testing was concluded in week eleven. Quantitative analyses were 136 
conducted to test scores from pre-to post-training, while qualitative meaning of any observed 137 
changes in the independent variables were examined using inferential statistics.  138 
 139 
Subjects 140 
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A group of sixty-seven adolescent males from a boys’ high-school volunteered to participate 141 
in this study. Forty-three subjects were recruited from their school’s athlete development 142 
program and randomly assigned to either a backward running training group (BRT; n = 26) or 143 
a forward running training group (FRT; n = 17). The remaining subjects were recruited from a 144 
physical education (P.E.) class, where they participated in their school’s normal P.E. 145 
curriculum, serving as a control (CON; n = 24) to compare the training effects on the 146 
performance measures to those of normal maturation. The athlete development program at the 147 
school was an option for students who wished to participate in organized training in place of 148 
their normal P.E class.  Non-invasive anthropometric measurements were used to calculate 149 
maturity offset using an equation developed by Mirwald, et al. (21). There were no significant 150 
differences between groups for physical characteristics or maturity offset. Table 1 outlines a 151 
summary of the subject’s characteristics.  152 
 153 
Subjects were included in this study if they were males between the ages of 13 and 15 years, 154 
enrolled in a public high-school and free of any medical issues or injuries which may had 155 
compromised their participation or performance. Subjects were excluded if they did not meet 156 
the above criteria or failed to adhere to the training program with above 80% attendance.  157 
After being informed about the benefits and risks of participating in this research, written 158 
consent was provided by all parents/guardians and assent was obtained from the boys. All 159 
procedures were reviewed and approved by the Institutional Research Ethics Committee. 160 
 161 
PLEASE INSERT TABLE 1 ABOUT HERE 162 
 Table 1: Subject characteristics (mean ± standard deviation). 163 
Key: CON Control group, BRT Backward running training group, FRT Forward running 164 
training group. 165 
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  166 
Testing and Procedures 167 
Two baseline testing sessions and a post-training testing session were conducted at the same 168 
time of day, on the same wooden sprung floor, in the same indoor school gymnasium, using 169 
the same testing order for all performance tests. The participants wore the same clothing and 170 
footwear for each testing and training session, were asked to avoid any strenuous activity 171 
during the 12 hours preceding each session and maintain their normal dietary intake before and 172 
after each session. The subjects participated in two orientation sessions, separated by three 173 
days, to habituate themselves with the equipment, experimental procedures and movements 174 
two weeks before the study commenced. The participants’ anthropometric measurements 175 
(height, seated height and body mass) were obtained during the first testing session. Thereafter, 176 
each participant performed a 15-minute standardized warm-up consisting of skipping, jumping, 177 
FR, BR and sideways running progressively increasing in intensity over 20 m, interspersed 178 
with dynamic stretching of the lower limbs. Each testing session was used to determine the 179 
participants’ 10 m, 10-20 m and 20 m sprint times (s), countermovement jump height (cm) and 180 
vertical leg stiffness. Each performance test was completed twice by all participants in every 181 
group during each testing session. Five minutes of passive recovery was given between each 182 
test. Average performance data for each test was used for analysis. Baseline testing took place 183 
twice to establish the reliability of the variables with the examined population before the eight-184 
week study. Coefficient of variation (CV) was computed to determine interday reliability of 185 
the two pre-test performances; 10 m sprint time (CV = 2.83%), 10 – 20 m sprint time (CV = 186 
0.23%), 20 m sprint time (CV = 1.76%), vertical CMJ (CV = 4.24%) and hopping tests (CV = 187 
4.34%).  188 
 189 
Speed, Power and Stiffness Testing 190 
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Sprinting performance times over 20 m and splits from 0-10 m and 10-20 m were evaluated 191 
using SpeedlightV2 wireless dual-beam photocell timing gates (Swift Performance Equipment, 192 
Australia).  Timing gates were placed 1.5 m apart at the start, 10 m and 20 m distances, with 193 
photocell heights set at 92.5 cm (top beam) and 68 cm (bottom beam) to correspond with 194 
approximately the center of mass of the participants. Participants were instructed to start in a 195 
split stance with their lead leg 50 cm behind the first timing gate and toes of the back foot in 196 
line with the heel of the front foot. No rocking or false steps were permitted prior to starting. 197 
Sprinting was encouraged to be completed with maximal effort for each trial. Sprint-running 198 
performance up to 20 m has shown good test-retest reliability in adolescence athletes (CV =  199 
1.3 – 2.0%) (8). 200 
 201 
Bilateral vertical countermovement jump (CMJ) height with full arm action was used to assess 202 
lower-body power. A Vertec vertical jump tester (Sports Imports, Columbus, OH, USA) was 203 
used to quantify jump height. The lowest vane was individually adjusted so that it corresponded 204 
to within 0.5 cm of each participant’s maximal standing reach height (26). Participants were 205 
requested to use their dominant hand to displace the highest possible vane with an overhead 206 
arm swing at the highest point of their jump. Height was determined from the Vertec system 207 
as the number of vanes displaced above the original standing reach height to the nearest 1.27 208 
cm. Jump height was then calculated by subtracting the standing reach height from the maximal 209 
jump and reach height determined from the highest displaced Vertec vane (10). Between each 210 
attempt, all vanes were repositioned so that multiple trials could be recorded.  211 
 212 
Leg stiffness was measured using a field based submaximal hopping test (17).  Participants 213 
were asked to hop bilaterally for 20 consecutive hops on a portable contact mat (Fitness 214 
Technology, Australia) at a frequency of 2.5 Hz. Participants were instructed to minimize foot-215 
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ground contact time while hopping to an auditory signal produced via an electronic metronome. 216 
Ten consecutive hops closest to the designated frequency were used for analysis. Absolute leg 217 
stiffness (kilonewtons per meter; KN∙m-1) was calculated by modeling the vertical ground 218 
reaction force, based on the flight and contact time during hopping (6). The measures of body 219 
mass, contact and flight time were entered into an equation proposed by Dalleau, et al. (6) in 220 
Equation 1, which has been shown to be a valid and reliable calculation in adolescents (17).  221 
 222 
Equation 1. 223 
Vertical leg stiffness = (
M x π(Tf + Tc)
Tc
2(
Tf+Tc
π
 − 
Tc
4
)
)/1000 224 
Where M was the body mass and Tc and Tf were ground contact time and flight time, 225 
respectively.  226 
 227 
Running Training Program 228 
Running training was conducted twice a week for eight-weeks on non-consecutive days. The 229 
running program was conducted in place of the athletes’ normal physical education curriculum, 230 
and in addition to their regular sport training (i.e. typically two training session and one 231 
competition game a week). The running training program involved participants performing 232 
linear running over a range of intensities either forward or backward. Each training session was 233 
conducted after a standardized progressive warm-up resembling the one used during testing. 234 
Progressive overload principles were incorporated into the program by increasing the overall 235 
intensity of the session via auto-regulated running speed and running distance (see Figure 1). 236 
The intensities of slow, moderate and fast correspond to approximately 20 - 45%, 50 - 75% 237 
and ≥ 95% of maximal effort, respectively. These speeds were chosen to reflect common 238 
running intensities which young male athletes are capable of self-selecting using autoregulation 239 
(38). Table 2 outlines the repetitions by intensity over the prescribed distances for each training 240 
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session. Equal volume and intensity were prescribed for both the BRT and FRT groups. A 241 
duration of eight-weeks was chosen for this study to exemplify how a running training program 242 
can be implemented and assessed over a typical school term in a high-school athlete 243 
development program. 244 
 245 
PLEASE INSERT TABLE 2 ABOUT HERE  246 
Table 2. Eight-week running program for BRT and FRT groups. ABOUT HERE 247 
Key: BRT Backward running training group; FRT Forward running training group. 248 
 249 
PLEASE INSERT FIGURE 1 ABOUT HERE 250 
Figure 1. Volume by intensity per session for duration of running program.  251 
Due to the novelty of high-speed BR, special attention was focused on correct BR technique 252 
by the means of demonstration and verbal feedback in the early sessions. Technical 253 
characteristics of BR stressed during training are presented in Table 2. The FRT group also 254 
received specific technical instructions, such as; 1) “knee-up and toe-up”, 2) “drive your arms 255 
from cheek to hip”, 3) “strike the ground with the ball of your foot” and 4) “strike the ground 256 
under your hips and push back”. 257 
 258 
PLEASE INSERT TABLE 3 ABOUT HERE 259 
Table 3. Technical cues for BR emphasized for the BRT group.  260 
BR = backward running; FR; forward running; BRT = backward running training; Swing leg 261 
= the leg not in contact with the ground while running.   262 
 263 
Statistical Analysis 264 
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The statistical analyses were performed using Microsoft Excel (version 15.28; Microsoft, 265 
Seattle, WA, USA) and SPSS 24.0 for MAC OS (SPSS, Inc, Chicago, IL, USA). The data was 266 
explored using histogram plots, and normality of the distribution for all variables was tested 267 
using Kolmogrorov-Smirnov test. Homogeneity of variance was tested using the Levene’s test. 268 
Thereafter, descriptive statistics were calculated and reported as mean and standard deviations 269 
(SD). Within-group differences between pre- and post-training for all performance variables 270 
were analyzed using paired t-tests. Within-group percentage change and effect size were 271 
calculated to quantify the magnitude of the performance change in each group’s performance 272 
tests. Within-group ES was calculated by dividing the difference between the mean 273 
performance change (i.e. post-training results – pre-training results) by the pooled SD for each 274 
performance variable (5). The smallest worthwhile individual change (SWC = 0.2 * SD) was 275 
calculated on the pooled SD of both pre-training session scores for all groups and converted to 276 
a percentage for each performance variable, where changes were deemed small (0.2 * SD), 277 
moderate (0.6 * SD) or large (1.2 * SD) (13).  Training-related effects between groups were 278 
assessed using a one-way analysis of variance (ANOVA) on the change score (mean difference 279 
from pre-training to post-training) for each performance variable, similar to Winwood and 280 
Buckley (40). Sidak post-hoc comparisons were applied if a significant F value was observed 281 
to locate pairwise differences. The intervention ES was calculated by dividing the difference 282 
between groups’ change scores by their pooled SD for each performance variable. 283 
Classification of ES was as follows: trivial (< 0.20), small (≥ 0.20 to < 0.60), moderate (≥ 0.60 284 
to < 1.2) and large (≥ 1.2) (5, 12). Significance was accepted at the p ≤ 0.05 level and 95% 285 
confidence intervals (CI) were used for all analyses.  286 
 287 
RESULTS 288 
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Performance testing data for the BRT, FRT and CON groups are presented in Table 3, including 289 
within-group changes from pre- to post-training and between-group differences of the mean 290 
changes. The within-group analysis revealed that BRT elicited significant changes (p ≤ 0.01) 291 
in sprint times, CMJ height and leg stiffness with improvements ranging from small to large 292 
from pre- to post-testing. Significant differences (p ≤ 0.05) were reported following FRT for 293 
sprint times, CMJ performance and leg stiffness, with beneficial effects ranging from small to 294 
large. The CON group reported mixed significant results, evident by small detrimental effects 295 
on sprinting performance (p ≤ 0.05) over all distances and small beneficial effects on CMJ 296 
height (p ≤ 0.05). 297 
 298 
The BRT group had the highest relative number of individual responses above the SWC for 10 299 
m times (96%), 20 m times (96%), CMJ height (80%) and vertical leg stiffness (72%). The 300 
FRT group demonstrated the greatest relative number of responses above the SWC for 10-20 301 
m times (56%). Performance gains in CMJ height were experienced in 58% of the CON group. 302 
Moderate to large gains were experienced in 96% of the BRT group for 10 m and 20 m 303 
performance and 53% to 65% of the FRT group, respectively. Over half of the BRT (52%) and 304 
FRT (50%) groups experienced moderate to large gains in leg stiffness while just over a quarter 305 
were over the SWC threshold in the CON group (27%). Note that the SWC for sprinting 306 
performance is negative to reflect that decreases in sprint times are associated with 307 
improvements in performance. Figure 3 and Figure 4 provide graphical references illustrating 308 
the individual percentage changes relative to the SWC detected for the BRT, FRT and CON 309 
groups for sprinting performances and lower body power and stiffness measures, respectively.  310 
 311 
PLEASE INSERT TABLE 4 ABOUT HERE 312 
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Table 4. Descriptive performance testing results with mean (standard deviation) BRT (n = 26), 313 
FRT (n = 17) and CON (n = 24) groups including within- and between-group changes from 314 
pre- to post-training.  315 
Key: FRT Forward running training; BRT Backward running training; CON Control group; M 316 
mean; SD Standard deviation.  317 
* Significant (p ≤ 0.05), ✧ Significant (p ≤ 0.01) and † significant (p ≤ 0.001) for within-group 318 
pre- and post-test variables. 319 
C Effect towards CON; F Training effect towards FRT; B Training effect toward BRT. 320 
 321 
When the mean change scores between the groups were compared, statistically significant main 322 
effects were reported for all performance tests (p ≤ 0.001). Compared to the CON group, 323 
significant differences (p ≤ 0.001) were reported to be favorable for BRT on all performance 324 
tests, where large changes occurred for sprint times, and small to moderate changes were seen 325 
in CMJ height and vertical leg stiffness, respectively. The FRT group displayed significant 326 
improvements (p ≤ 0.01) compared to the CON group in sprinting ability and vertical leg 327 
stiffness, where small to large effects were present for each performance test, respectively. 328 
Comparisons between training groups reported significant differences (p ≤ 0.05) with small 329 
effects for 10 m and 20 m sprint times and CMJ height in favor of BRT over FRT. 330 
 331 
PLEASE INSERT Figure 3. Graphical illustration of individual percentage change for sprinting 332 
performances over 10m, 10-20m and 20m from pre- to post-training by group. 333 
           Small response (SWC =0.2);           Moderate response (MWC = 0.6);    Large 334 
response (LWC = 1.2); FRT Forward running training group; BRT Backward running training 335 
group; CON control group; SWC Smallest worthwhile change. ABOUT HERE 336 
 337 
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PLEASE INSERT Figure 4. Graphical illustration of individual percentage change for 338 
countermovement jump height, vertical leg stiffness and sit and reach performance from pre- 339 
to post-training by group. 340 
           Small response (SWC =0.2);           Moderate response (MWC = 0.6);    Large 341 
response (LWC = 1.2); FRT Forward running training group; BRT Backward running training 342 
group; CON control group; SWC Smallest worthwhile change. ABOUT HERE 343 
 344 
DISCUSSION 345 
The purpose of this research was to understand the effects of BR and FR training programs on 346 
speed and power measures in adolescent males. The present study is the first to investigate the 347 
effects of performing free BR or FR training on short-sprint speed and power measures in 348 
adolescent athletes. The major finding of the present study was that both running groups 349 
improved sprinting performance and vertical leg stiffness compared to the CON group who 350 
participated in normal physical education curriculum. Moreover, BRT appeared to provide the 351 
greatest performance benefits for CMJ height and 10 m and 20 m sprint times compared to the 352 
CON and FRT groups.  353 
 354 
Findings from this study revealed training related improvements in short sprinting performance 355 
up to 20 m for both FRT and BRT groups compared to the CON group. This is in agreement 356 
with previous reports that free sprint training enhances sprint performances up to 20 m more 357 
than natural development in adolescent males (23). Additionally, the current research found 358 
that BRT provided greater gains in sprinting performance over 10 m and 20 m compared to 359 
FRT. This finding is in line with a previous study which concluded that BR training was more 360 
effective at maintaining FR sprint ability than FR training in a group of 17 trained netball 361 
players (35). This is the first study to demonstrate that BR can be used as a training method to 362 
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significantly enhance FR sprint performance. An explanation for this finding could be that both 363 
directions of locomotion are generated by the same basic neural mechanisms (9, 14, 20). 364 
Neurological adaptations are known to occur in response to periods of sprint training (30). By 365 
training one direction of running, neurological adaptations may result for both BR and FR (11, 366 
20). Therefore, BR may be classified as a sprint-specific training method.   367 
 368 
A higher number of participants in the BRT and FRT groups experienced adaptations greater 369 
than the SWC compared to the CON group, with all but one participant in the BRT group 370 
experiencing moderate to large gains in 10 m time. While improvements in 10 m and 20 m 371 
sprint performance were reported following both the BRT and FRT programs, it is important 372 
to distinguish that gains in 20 m performance were primarily a result of increased speed over 373 
the first 10 m. This is especially true for the BRT group, who increased performance more over 374 
10 m than 20 m compared to the CON and FRT groups. Although, the present study 375 
demonstrated that improvements in 10 m sprint performance have subsequent benefits over 376 
longer distances up to 20 m. It appears that sprint-specific training, either forward or backward, 377 
increases early acceleration over 10 m to a greater extent than late acceleration, or performance 378 
over 20 m, based on the relatively larger effects identified from pre- to post-training.  As BR 379 
is known to be achieved through higher step frequencies and lower step lengths compared to 380 
FR (37), increases in sprinting performance may be a result of alterations in step kinematics 381 
which are representative of early accelerative sprinting (39), i.e. 0-10 m. However, further 382 
research using floor level optical timing systems or video are required to substantiate this posit. 383 
 384 
The current study revealed that BRT yielded moderate effects for CMJ performance (↑10.2%), 385 
whereas FRT had trivial effects on jumping ability (↑2.8%). Moreover, over half of the BRT 386 
group demonstrated a moderate to large worthwhile change in CMJ height. The larger increase 387 
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in CMJ height displayed in the BRT compared to FRT group in the present study contradicts a 388 
previous report by Terblanche and Venter (35) which found female netball athletes aged 19-20 389 
years improved CMJ performance more following FR training (↑2.61%) compared to sport-390 
specific BR training (↑0.25%). Differences between the present study and those of Terblanche 391 
and Venter (35) could be related to either the technical running model used or the amount of 392 
work performed during training. Terblanche and Venter (35) applied maximal effort BR in a 393 
sport-specific program, mimicking FR drills, with limited mention of BR technique, distance 394 
or speed. The present study, in contrast, used principles of overload to progress BR up to 395 
maximal intensity, as a specific training drill where biomechanical components were 396 
emphasized via a combination of demonstration and verbal feedback. Therefore, the effect of 397 
BR training may be influenced by the quality and attention to direction-specific running 398 
mechanics. Ultimately, training BR appears to have favorable transfer to FR and movements 399 
related to lower body power, i.e. CMJ height.  400 
 401 
The significant improvement in vertical leg stiffness following BRT (↑10.6%) and FRT 402 
(↑12.4%) observed in the current study demonstrate the ability of free sprint-specific training 403 
methods to enhance stretch-shortening cycle function in adolescent male athletes. These results 404 
are comparable with previous reports that leg stiffness in pediatric populations are enhanced 405 
by up to 8% following non-specific sprint training (i.e. plyometrics) (16). This is important 406 
considering increased leg stiffness has been associated with higher maximal sprinting speeds 407 
in adolescents (4). The present study demonstrated that both running programs were equally 408 
effective at inducing performance gains in stiffness when compared to the CON group. This 409 
finding is promising because it provides evidence that BR and FR increase vertical leg stiffness 410 
more than a traditional physical education curriculum in adolescent athletes. Given the 411 
relationship between stiffness and maximal velocity sprinting, it can be postulated that either 412 
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direction of sprint-specific training may be used to increase the maximal sprinting speed in 413 
young athletes.  414 
 415 
Readers should be cognizant that the participants were performing a variety of sport trainings 416 
outside of school which were not quantified and may have had some influence on the training 417 
adaptations observed in this study. Nevertheless, this study demonstrates that BR and FR 418 
training can be implemented twice a week in a high-school athlete development program 419 
intended to improve physical performance in adolescent male athletes. The training gains from 420 
BR for sprint performance, leg stiffness, and CMJ ability were comparable to, or greater than, 421 
FR. These findings suggest that BR is similarly beneficial to other modes of sprint training for 422 
improving sprinting and lower body performance measures and may be classified as a sprint-423 
specific training method. However, future research should consider using DEXA scanning to 424 
determine body composition changes and help give more insight into the nature of adaptations 425 
which take place over periods of BR training. While this study is limited to male athletes mid-426 
PHV, it provides a snapshot of gender- and maturity-specific adaptations from sprint-specific 427 
training programs compared to a traditional physical education curriculum in adolescent boys. 428 
Such findings are important considering the lack of published data related to the effects of BR 429 
and specific FR sprint training in boys.  With the recent upsurge in scientific attention aimed 430 
at optimizing sprint speed in young athletes, additional training studies are necessary to 431 
understand the mechanisms responsible for adaptations related to free and resisted BR and FR 432 
in pediatric populations.  433 
 434 
PRACTICAL APPLICATIONS 435 
Progressive high-speed BR is recommended as a safe and effective training method for 436 
improving athletic performance in adolescent males following sufficient practice and 437 
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instruction. Speed and strength coaches aiming to optimize the athletic potential of adolescent 438 
athletes should consider the following points when implementing sprint-specific training into 439 
the training programe of their athletes:  440 
 441 
 Training adaptations from BR transfer to FR sprint ability and underlying determinants 442 
related to fast FR speeds in mid-adolescent boys.   443 
 Both BRT and FRT can be used to improve sprinting performance, jumping height and 444 
leg stiffness in adolescent athletes.  445 
 Implementing BR into a training program provides a novel stimulus that appears 446 
particularly beneficial for improving performance tasks heavily reliant on concentric 447 
strength and power. 448 
 Regardless of running direction, coaches should pay particular attention to the technical 449 
demands of running movements and be cognizant that effort and intensity may 450 
moderate training responses to sprint-specific training methods. 451 
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